Solid Pseudopapillary Tumor of the pancreas is a rare nonfunctioning tumor. It is considered a low-grade malignancy that is apparently curable with surgical complete excision in most instances. We present a case of solid pseudopapillary pancreatic tumor that represented a challenge to the radiologists. This case highlights its possible various appearances and the need to the radiologist to be familiar with them.
Imaging findings:
The referring physician started the work up with an ultrasound that revealed a well limited, heterogeneous nodular lesion of 42mm (the longest diameter) adjacent to the contour of the body-tail portions of the pancreas (Fig1).
A subsequent abdominal computed tomography (CT) before and after intravenous contrast administration during parenchymal pancreatic phase and portal venous phase followed, that showed a solid, well circumscribed multilobular lesion localized on the left of the celiac trunk, posterior to the pancreatic body and tail, displacing it anteriorly, as well as splenic artery. Cleavage planes with celiac trunk and left adrenal gland seemed to be preserved, but not with pancreatic body and tail, though there were no signs of direct invasion. It was difficult to define the origin of the lesion. After intravenous contrast administration, there was slight (about 30 HU) enhancement of the lesion noticed, always lower than pancreatic parenchyma in both phases (Fig. 2) . There was no other relevant alteration of the exam. The first diagnostic hypothesis was an enlarged lymph node.
Since the lesion was not clearly understood, a biopsy of the lesion was proposed to the patient, which refused it. One year later, the patient presented with the same symptoms. Abdominal MR was performed in the same month, including in-phase and out-of-phase axial T1-weighted images (wi), axial and coronal T2-wi and axial T1-wi after gadolinium injection. T2-wi images demonstrated a hyperintense 40mm retroperitoneal lesion, adjacent to the posterior border of bodytail of the pancreas (Fig.3) . No lipid content could be depicted on chemical-shift images, and the lesion demonstrated intermediate signal intensity on T1-wi (Fig.4) . The dynamic study showed no significant enhancement relative to pancreatic parenchyma in arterial phase, but slight enhancement during portal venous and equilibrium phases, but still lower than the adjacent parenchyma (Fig.5 ).
Morphology and dimensions did not change when compared with previous CT, and the lesion seemed to be independent from the surrounding structures (Fig. 3) .
A thoracic and pelvic CT scan was performed, as well as serum markers (beta2-microglobulin) obtained, to search for signs suggestive of lymphoproliferative disorder, but both were negative.
In the context of a single solid retroperitoneal lesion of undetermined etiology and its difficult percutaneous assessment, patient underwent elective laparoscopic resection.
Pathologic evaluation:
Grossly, the specimen consisted of a well circumscribed, encapsulated, yellow, solid, nodule, weighed 27 g and measured 42 x 28 x 10mm (Fig. 6 ). An incomplete peripheral thin rim of pancreas was seen around the nodule.
Microscopic examination revealed a highly delicate vascular solid-papillary tumor. The solid portion disclosed an endocrine-like appearance with sheets, nests and pseudoglandular structures of small round cells. Neoplastic cells showed excessive eosinophilic cytoplasms with round regular nuclei and inconspicuous nucleoli (Fig. 6B ). There were no extensive fibrous or amyloid-like substance deposits. A careful search failed to reveal mitotic figures, cellular degeneration, obvious nuclear atipia or vascular involvement.
Immunohistochemical evaluation of the tumor revealed that the tumor cells were positive for CD 56, Sinaptophysin ( Fig. 3 C and D) , Vimentin, CD 10 and Alpha-1-antitrypsin and negative for epithelial markers (CAM 5.2) and Chromogranin A. B-catenin mutation was not investigated.
The differential diagnosis included other tumors that share the microscopic appearance, mainly acinar cell carcinoma, mixed acinar-endocrine carcinoma, pancreatic endocrine neoplasms and pancreatoblastoma. Most of them are positive for Chromogranin A and epithelial markers and negative for vimentin and alpha-1-antitripsyn. Pancreatoblastoma is most common in childhood although it can occur in adults. This tumor shows evidence of epithelial differentiation, and the characteristic "squamoid corpuscles" were not found in our case [1, 2] .
The diagnosis of a solid pseudopapillary tumor of the pancreas was established. The patient was followed up periodically by abdominal MR. At the last follow-up visit (two years postoperatively) she was disease-free and had no complaints.
Solid pseudopapillary tumor (SPT) was first described by Frantz in 1959 as a "papillary tumor, benign or malignant" in a report of three cases; in 1981 was proposed as a distinct tumor entity, and in 1996, was defined by World Health Organization (WHO) as "solid pseudopapillary tumors" for the international histological classification of tumors of the exocrine pancreas. The molecular studies of solid pseudopapillary tumor reveal that the tumor is similar to tumors originating in acinar cells and distinct from ductal cell adenocarcinoma, but previously it was misdiagnosed as nonfunctioning islet cell tumors [3] . It´s nomenclature as evolved over time and is also known as solid and papillary tumor, solid-cystic tumor, papillary-cystic tumor, papillary epithelial neoplasm, papillary and solid neoplasm, solid and pseudopapillary epithelial neoplasm, solid and cystic acinar cell neoplasm, and Frantz tumor [3, 4, 5, 6, 7] .
Clinical features and behavior:
SPTs occur most frequently in women in the second and third decades of life, but has also been reported in males and children [4] . There is no known genetic or hormonal factor to explain the strong female predilection [3] . It seems to have a black racial predilection [4, 7, 8] .
It is a rare tumor, accounting for only 1%-2% of the primary non-endocrine tumors of pancreas [4, 6, 8, 10, 11] . The incidence of this neoplasm seems to be increasing, but consideration should also be given to whether it is simply recognized and diagnosed on a more consistent basis [4, 10, 12] .
Its recognition is important since it's considered a lowgrade malignancy that is apparently curable with surgical complete excision in most instances, even in the presence of metastatic disease (up to 20% of cases) [8, 10, 12, 13, 14] . The correct preoperative diagnosis of the tumor makes possible to lessen or minimize the extent of surgery compared to that required for malignant pancreatic lesions [15] . The overall 5-years survival is estimated to be more than 90%, including patients with metastatic disease [14, 16] . Because of its indolent behavior and amenability of metastases to be resected, patients rarely die as a direct result of this neoplasm [10] . Tumors occurring later in life seem to be more likely to behave aggressively, especially in male gender [4, 12, 17] .
The liver is the most common site for metastases and few cases of lymph node and peritoneal spread have been reported [18, 19] . Hepatic, left gastric, splenic, retropancreatic, celiac, and mesenteric lymph node group involvement have been described. Metastatic disease described by Choi et al showed CT appearance similar to that of the primary pancreatic mass: well-defined margins and mixed solid and cystic internal architecture [19] .
Patients often present with vague abdominal discomfort or pain, and an enlarging upper abdominal mass that can be associated with symptoms of the upper gastrointestinal system, such as nausea, vomiting and dyspepsia. Not infrequently, patients are asymptomatic and the tumors are incidentally found by imaging studies following the workup for unrelated conditions [7, 14] .
SPT can occur anywhere in the pancreas, and there is no consensus between the reported series in demonstrating a preferable localization (throughout the pancreas): some investigators observed a predilection for the tail [14, 20] , while others, namely the largest review of literature reported almost the same frequency in head and in tail (34% and 35.9%, respectively) [21] . The tumor may be quite exophytic, as in this case, and occasionally their pancreatic origin may not be apparent, even at surgery [3] . This tumor rarely (1%) arises from an extra-pancreatic site such as retroperitoneum, mesocolon or liver [11, 18, 23] .
Pathological features:
Grossly, a SPT is a large (described mean diameters between 58 to 100mm), sharply marginated and encapsulated pancreatic mass that usually demonstrates variable degrees of internal hemorrhage, necrosis and cystic degeneration [11, 16, 19, 22] . Nevertheless, some SPTs are almost completely solid, as in the described case [14] .
The light microscopic features are quite characteristic and generally do not present diagnostic problems, making immunohistochemical analysis superfluous in most cases [9, 11] . Microscopically, the tumor is composed of cells arranged in the form of solid sheets, microcysts and pseudopapillae. The solid areas contain sheets of uniform polygonal cells admixed with a delicate vascular network that traverses this tumor. Areas of hemorrhage and necrosis are seen secondary to this easily disrupted vascular network. Pseudopapillae are formed by central thin walled blood vessel surrounded by several layers of dropped neoplastic cells. The cells have moderate amount of eosinophilic to vacuolated cytoplasm and nuclei are ovoid and folded with indistinct nucleoli and few mitoses. Areas of hemorrhage and necrosis are seen, secondary to the delicate, easily disrupted vascular network that traverses this tumor. Peripheral, capsular calcifications are rarely seen [11, 13, 14, 22] .
Immunohistochemistry shows a distinctive pattern that corresponds neither to exocrine nor to endocrine pancreatic cell types, and may be useful to exclude other tumors of the pancreas in problematic cases [11] . SPT of pancreas is positive for CD56, CD10, Alpha 1-antitrypsin, Alpha 1-antichymotrypsin, neuron specific enolase, vimentin, synaptophysin and progesterone receptor [9, 11, 14] .
Imaging features:
The radiologic findings in solid and papillary epithelial neoplasm may be suggestive but not specific of SPT [8] .
Abdominal x-ray of large SPT may demonstrate displacement of the stomach, colon or spleen by an extrinsic mass. A peripheral curvilinear (eggshell) calcification is seldom encountered [8, 13, 17] .
On ultrasound evaluation, SPT presents as a heterogeneous and hypovascular (on Doppler evaluation) mass, as in this case. Solid component may present more hypoechoic portions due to tumor necrosis and hemorrhage. Few small echo-free areas may be seen, sometimes with fluid level, corresponding to the cystic component [7, 13] .
Computed tomography is the imaging modality of choice for detection and characterization of SPTs of the pancreas and clear depicting of the relationships with adjacent structures, while the MRI can be more accurate in differentiating the cystic or solid component inside the tumor [16] .
Multidetector computed tomography demonstrates a wellcircumscribed, round or lobulated lesion with a clear-depicted peritumoral capsule. Its internal architecture ranges from solid muscle density, through mixed solid and cystic, to thick-walled cyst, depending on the degree of hemorrhagic necrosis. Attenuation values (Hounsfield units) in the cystic areas are higher than those of water, corresponding to hemorrhagic degeneration [7, 19] . In the majority of cases, intravenous contrast administration produces a peripheral, heterogeneous enhancement in pancreatic phase due to intratumoral cystic component/hemorrhage [15, 20] .
In a study by Baek et al, the authors compared the imaging features of large (>3 cm) and small (< 3cm) SPTs, and found that small SPTs frequently appear as purely solid tumors, with a sharp margin and gradual enhancement, weak during pancreatic phase and progressive during the hepatic venous phase [15] .
Our case presented a well-circumscribed exophytic lesion from the pancreatic gland, and although it is larger than 3 cm, it shares the imaging features of small SPTs.
SPTs complications usually reflect local compression of the surrounding structures rather than invasion [12] . As described above, the tumor tends to displace the adjacent organs and structures (vessels, pancreatic duct), showing the slow-growing and noninvasive tendencies of this tumor [17, 19] , as it can be seen in this case.
Atypical SPT manifestations described by Choi et al, Buetow et al, Petrakis et al, and assessed by Wang included, in decreasing order: extracapsular invasion of the surrounding parenchyma and vessels (portal vein, superior mesenteric vein, splenic vein), peripancreatic fat invasion, calcifications, invasion of surrounding organs (spleen, duodenum and stomach), lymph node metastases, ductal obstruction and pseudocyst formation, liver metastases and tumor rupture [13, 16, 17] . Wang et al found that when tumor size was > 6 cm, the probability of vascular involvement and capsular invasion increased significantly, and it also was more likely to present an aggressive behavior such as metastasis and recurrence [16] .
Thus, imaging findings are predictive of the malignant potential of theses lesions and are of high value to the patient's surgical planning [6, 16] .
Magnetic resonance (MR) imaging offers more specificity by directly demonstrating a surrounding fibrous capsule (of low signal intensity on T1 and T2-wi) and internal hemorrhage [3] ; the presence of blood products in either the solid or cystic component of the mass result in areas of high signal intensity on T1-wi and of low or inhomogeneous signal intensity on T2-wi; hemorrhagic cystic degeneration can also present as a fluid-fluid or fluid-debris level (hematocrit effect) [23] . Solid components with little or no hemorrhagic necrosis present low signal intensity on T1-wi and slightly high signal intensity on T2-wi [13, 22] . In our case, MR did not add value to the diagnosis once there was no evidence of blood degradation products that could suggest the final diagnosis.
On gadolinium-enhanced dynamic MR, the enhancement pattern is similar to that seen at CT, the most common consisting of peripheral and heterogeneous enhancement during the arterial phase with progressive but also heterogeneous fill-in of the lesion during portal venous and equilibrium phases [3, 13] .
Differential diagnosis:
The complex anatomy of the upper abdomen (both peritoneal and retroperitoneal) may give rise to diagnostic challenges in the presence of an exophytic pancreatic lesion. Depending on the lesion location, a wide range of pancreatic and peri-pancreatic diseases might be considered, such as normal anatomic variants, inflammatory and infectious diseases, peripancreatic nodal enlargement and lymphoma, vascular lesions, disease in surrounding structures, metastases to the pancreas, and miscellaneous pancreatic diseases [24] . Our case had an exophytic posterior growth from the pancreatic gland, which raised the suspicion of a retroperitoneal adenomegaly.
In mixed type (solid-cystic) SPT, differential diagnosis includes serous cystadenoma, mucinous cystic adenoma, pancreatoblastoma, and calcified / hemorrhagic pseudocyst [4] . A misdiagnosed SPT as a hydatid cyst has also been reported [12] . The first three are unlikely in patients below the age of 30, and patients with pseudocyst are usually older than those with SPTs and have a history of pancreatitis [13] .
Serous cystadenoma is common located in the pancreatic head and is composed of innumerable cysts smaller than 2 cm in diameter, producing a honeycomb pattern, with central calcified scar (not a feature of SPT) [22] .
Mucinous cystic neoplasms, including cystadenoma (macrocystic adenoma) and cystadenocarcinoma, are large unilocular or multilocular cysts filled with mucin with or without solid components [22] . On CT, a clue to the correct diagnosis is the HU values in the cystic region: water density of mucinous material, as opposed to ones compatible with blood in SPT [8] . On MR, mucin is typically hyperintense on T1 and hyperintense on T2-wi, but may show different signal intensities depending on the proteinaceous concentration of the fluid. Additionally, fluid-debris levels that demonstrate a hematocrit effect or signal intensity on MR images, suggesting hemorrhagic components, may be also seen, difficulting the differential [13] . On the other hand, it doesn't have the peripheral enhancement of SPTs, showing enhancement of the internal septa and cyst wall [4, 19] .
When there is little or no hemorrhage or necrosis of the SPT, pancreatic ductal adenocarcinoma, islet cell tumor, fibrous tumor, pancreatoblastoma and pancreatic metastases are difficult to exclude [8, 25] .
Pancreatic ductal adenocarcinoma normally presents as an ill-defined, heterogeneous mass with associated upstream pancreatic duct dilatation and parenchymal atrophy, secondary changes not encountered in SPT. In opposition to SPT, pancreatic ductal adenocarcinoma typically shows infiltrative changes to the surrounding pancreatic parenchymal or fat tissue, locally invasive, with vascular encasement and mesenteric, duodenal and possibly gastric extension. Distant metastases are common finding, especially into regional lymph nodes, liver and peritoneum [8, 15, 25, 26] .
Functional islet cell tumors can be excluded by a lack of clinical manifestations of hormonal activity, but the nonfunctional variant should not be forgotten [8] .
Nonfunctioning islet cell tumor often shows findings similar to those of SPTs: appear as well-defined solid masses without pancreatic ductal dilatation and/or parenchymal atrophy, may appear cystic, contain calcification and demonstrate areas of internal hemorrhage [13, 15] . Nonfunctioning islet cell tumors appear as areas of low intensity or isointensity on T1-wi; however, the enhancement pattern of the tumor is somewhat different: this tumor is characteristically hypervascular in arterial phase and has prominent early draining veins, in contrast with the generally hypovascular behavior of SPT, specially the solid ones [8, 15, 19] .
Solitary fibrous tumor of the pancreas are extremely rare, most of the reported patients are women, and the average age at presentation and the size of the tumor vary widely; at imaging they appear as well-defined masses with variable arterial phase enhancement as well as progressive enhancement on venous and delayed phase images; areas of cystic change or necrosis may be seen, so it should be included at differential diagnosis; in contrast to SPTs, most of the reported solitary fibrous tumor occur in women above 40 years of age [27] .
The evidence of a pancreatic tumor with distant metastasis may aid to narrow the differential diagnosis, that includes: pancreatic adenocarcinoma, nonfunctioning islet cell tumor and mucinous cystadenocarcinoma [19] .
Pancreatic metastases are usually clinically silent and mostly affect older population. Most of times (78%) are solitary lesions, and there is no evidence of pancreatic or biliary ductal obstruction. Common primary tumors include renal, breast, lung, melanoma and ovarian cancer, and might be suggested by the clinical context [25] .
Solid pseudopapillary tumor (SPT) is a rare low grade malignancy more frequent in young women. The typical imaging features include a well-circumscribed encapsulated lesion with peripheral and heterogeneous enhancement in pancreatic phase, due to its variable degree of hemorrhagic necrosis. However, small SPTs frequently present as purely solid lesions with sharp margins and gradual enhancement, weak during pancreatic phase and progressive during the hepatic venous phase. ) delayed phases, the lesion shows progressive enhancement, but is still hypoattenuating compared with pancreatic parenchyma. There is neither ductal dilatation nor pancreatic atrophy. In the remaining study (not shown), there were no lymph node enlargement or nodules in abdominal solid organs, such as liver, kidney or spleen, suggesting metastasis. Positive oral contrast was given to the patient. (GE BrightSpeed S 4 slices; 3.75 mm slice thickness; 120 KV e 80 mA, 100 ml intravenous ioxitalamate meglumine 300mg/ml -injected at 3,5mL/sec) Demonstration of degradation blood products (high SI on T1-wi, low or inhomogeneous SI on T2-wi) Solid components: low SI on T1-wi, slightly high SI on T2-wi Hypointense onT1 and T2-wi fibrous capsule Early, peripheral and heterogeneous enhancement, progressive heterogeneous fill-in 
